(0.5%), with variation of calcium content (x = 0 -1), were synthesized by a high temperature solid state reaction in a reducing atmosphere. The photoluminescence, persistent luminescence (afterglow), and lumen equivalents of these materials were studied and compared. It turned out that the afterglow properties of the phosphors were strongly dependent on the Sr/Ca ratio. As the Ca content increased, a phase transition and blue shift in emission spectra were observed © Versita Warsaw and Springer-Verlag Berlin Heidelberg.
Introduction
In recent years afterglow phosphors have attracted considerable attention because of their many potential applications, including safety reflective indicators, light sources, luminous paint, and optical data storage. The many potential applications resulted in an increased interest in research of afterglow phosphors. Since the beginning of the 20 th century the ZnS:Cu phosphor has been known as a long afterglow material; it has been and is still used in a variety of applications. There are some disadvantages in use of this material: its high sensitivity to moisture, low luminescent intensity, and a short afterglow time [1] . In the past several years the interest in research of long afterglow phosphors have been shifted to aluminates and silicates doped with rare earth ions, like SrAl 2 O 4 , Sr 4 show a broad band peak around 490 nm with a short decay time of about 1 µs. It evolves room temperature afterglow as soon as Dy 3+ ions are co-doped into the lattice [4] .
In this study the (Sr 1-x Ca x )O•nAl 2 O 3 :Eu 2+ (1%), Dy 3+ (0.5%) phosphors (x = 0 -1) were synthesized by a high temperature solid state reaction in a reducing atmosphere. The effect of calcium substitution on the persistence and color of the luminescence was investigated. The results were analyzed by using the calculation of the lumen equivalents and the CIE co-ordinates of prepared phosphors. BO 3 were mixed and ground with acetone in an agate mortar. The syntheses were performed in three calcinations steps. First, the samples were heated up to 1000ºC for 4 h in air atmosphere. The next two steps were performed in reducing atmosphere: the calcinations at 1200ºC for 4 h in CO and at 1250ºC for 3 h in N 2 + 5% H 2 .
Experimental Procedures
The crystal structures of all samples were examined by a Rigaku MiniFlex II diffractometer, using Cu K α radiation. Excitation and emission spectra were recorded on an Edinburgh Instruments FS900 spectrometer equipped with a 450 W Xe arc lamp. The reflection and afterglow measurements were performed on an Edinburgh Instruments FS920 spectrometer equipped by a 450 W Xe discharge lamp. Barium sulfate (BaSO 4 , 99.998% purity, Alfa Aesar) was used as a white standard. For the afterglow measurements all samples were exposed to the maximum excitation wavelength for 1 minute and the subsequent decrease in emission intensity was observed for 5 minutes. All measurements were carried out at room temperature.
Observation of the afterglow behavior was carried our as follows: powders were irradiated with UV lamp (366 nm) for 1 min and the afterglow emission was recorded after 0. 1 and 5 min by Nikon D50 Digital Camera using the following setting: exposure at 5 sec sensitivity (ISO) 1600, focal length 28 mm.
Results and Discussion
The XRD patterns of (Sr 1-x The emission peaks at 440 nm and 490 nm are attributed to 4f 6 5d 1 → 4f 7 transition of Eu 2+ ions. It is also evident that the relative emission intensities of these phosphors are dependent on the Ca content. The highest luminescence intensity was found for the sample with calcium content of 10%.
The blue shift of samples prepared with increasing content of calcium can be better observed in the contained C.I.E. chromaticity diagram (Fig. 4) . The CIE coordinates of prepared samples were calculated based on the emission spectra.
All the calculated lumen equivalents of (Sr 1-x Ca x ) O•nAl 2 O 3 :Eu 2+ ,Dy 3+ are shown in Fig. 5 . The lumen equivalent indicates the impact of the emission spectrum on the perceived brightness (Fig. 6 ). An increase of the lumen equivalent means that the perceived brightness increases for a given number of optical photons. phosphors decreases with an increase in calcium content due to the blue shift of the emission spectrum. For 0 to 60% Ca the main emission band is located at 490 nm, i.e. close the maximum of the scotopic eyesensitivity curve. In contrast, the main emission band of samples comprising of 70% to 100% Ca is located at around 440 nm and thus in a spectral range which is much less visible for the human eye. Therefore, samples with a high Sr content are much more useful as afterglow phosphors, which are needed in situations with a dark adapted eye. The decay curves of the phosphors are plotted in Fig. 7 . It turned out that the initial intensity and the afterglow intensity of the phosphors with high calcium content were much inferior to those samples with low calcium content. Upon increasing the content of calcium, the initial intensity and the afterglow intensity of the phosphors initially increased, but decreased as soon as the Ca content was above 50%. Fig. 8 displays the photographs of the afterglow, at room temperature, of all studied samples. The samples were excited by UV radiation (366 nm) for 1 min and then photographs were taken after the excitation source has been turned off. The afterglow was only observed for the samples with the content of calcium below 70%. These samples showed the afterglow for not less than 5 min perceivable by the dark adapted eye, i.e. upon scotopic vision. Very short afterglow appeared in samples with the Ca content above 70%, but this afterglow was only visible for several seconds.
Conclusions
The effect of calcium substitution in ternary tetrastrontium aluminates have been investigated for the first time. It has been demonstrated that the variation of the Sr/Ca ratio in the precursor blend used in the synthesis of (Sr 1-x Ca x )O•nAl 2 O 3 :Eu 2+ ,Dy 3+ strongly determines the type of emission spectra and the afterglow of obtained products. The stepwise replacement of strontium by calcium resulted in a change of the phase composition of the product, along with a blue shift in the emission spectrum; the luminescence color changed from green to blue. While increasing the content of calcium the initial intensity and the afterglow intensity of the phosphors has also changed. The initial increase in intensity, followed by a decrease as soon as the calcium content rose above 50%, was observed. The highest luminescent intensity and the most persistent afterglow were observed for the sample comprising of 10% Ca. These findings can be exploited for the optimization of novel afterglow pigments. 
